Host defence mechanisms associated with the inhibition of translocation of bacteria from the gastrointestinallGI) tract were investigated in SCID and beige mice after decontamination with oral antibiotics and colonization with Escherichia coli C25. SCID mice, which have impaired T and B cell function, tended to have a greater incidence of bacterial translocation from the GI tract up to 7 days after inoculation compared with controls. However, after 7 days both SCID and controls cleared the E. coli C25 from the liver, spleen, blood and peritoneal cavity. Beige mice, with impaired NK cell and polymorphonuclear leukocyte function, were not able to clear the inoculated bacteria from their liver by 14 days after inoculation although the controls were cleared by 7 days. Numbers of bacteria in the mesenteric lymph nodes IMLN) of beige mice did not decrease significantly by 14 days after inoculation, whereas numbers in SCID mice decreased markedly within 7 days. These results suggest that defence mechanisms other than T and B cell function are important in the inhibition of systemic infection from the GI tract.
Bacterial infection is a frequent and severe problem in patients who are immunocompromised, e.g. by thermal injury, cancer or acquired immunodeficiency syndrome (AIDS). More attention has been focused on infections caused by exogenous microorganisms than those caused by the endogenous microflora of the gastrointestinal (GIl tract. However, recent studies in animal models have demonstrated that both endogenous and exogenous bacteria colonizing the GI tract were potential sources of septicaemia (Deitch 19901 .The passage of viable endogenous bacteria from the GI tract through the epithelial mucosa to the mesenteric lymph nodes IMLN) and other organs has been
Correspondence to: T. Obsugi. ·Present address: Department of Virology, Kurume University Scbool of Medicine. Kurume 830, Japan Accepted 5 April 1995 termed bacterial translocation (Berg 1985) . Although it is an important early event in the pathogenesis of certain opportunistic infections, little is known about its mechanism or related host immunity.
To determine which immunities are involved in the defence mechanism against bacterial translocation from the GI tract, we used severe combined immunodeficient (SCIDI and beige mice which have, respectively, impaired T and B cell functions and impaired NK cell and polymorphonuclear leukocyte functions (Bosma et al. 1983 , Gallin et al. 1974 . It has been reported that enteric bacteria such as E. coli do not usually translocate from the GI tract to the MLN or other organs unless they are present at levels of at least 108/g caecum (Maejima et al. 1984) . Hence, we used a mouse model in which E. coli maintains abnormally high LaboratoryAnimals (1996)30, 46-50 caecal populations and translocates continuously from the GI tract. To achieve this, both SCID and beige mice were decontaminated with oral streptomycin and bacitracin and then colonized with E. coli C25 resistant to streptomycin.
Materials and methods

Mice
Beige IC57BL/6 bg/bg) mice, obtained originally from the Central Institute for Experimental Animals in Japan, were maintained in our laboratory. Heterozygous F1 hybrid (C57BL/6 bg/+) mice were used as controls. SCID (C.B17-scid/scid) and C.B17-+/+ mice were kindly provided by Dr T. Nomura, Department of Radiation Biology, Osaka University Medical School. In each SCID mouse generation, serum IgG and IgM were measured by an enzyme-linked immunosorbent assay (ELISA)and only mice showing low levels of these immunoglobulins (< 1 Jlg/ml) were used as breeders.
The mice were bred and kept in laminarflow benches at a controlled temperature (22 ± 1°C) and with a 12 h light and 12 h dark cycle (Ohsugi et al. 1993 ).
Antibiotic decontamination
The mice were used at 8 to 10 weeks of age and were given drinking water ad libitum containing 4 mg of streptomycin (Meijiseika Co. Ltd, Tokyo, Japanl and 4 mg of bacitracin (Sigma Chemical Co., St. Louis, MO., USA) per ml for 4 days, as described previously (Ohsugi et al. 1991) . The antibioticdecontaminated mice then were inoculated intra-gastrically with 3 x 10 8 Escherichia coli C25 resistant to streptomycin and continued to receive streptomycin and bacitracin in their drinking water until examination for bacterial translocation on 1,3, 5, 7, 14 and 21 days after inoculation. E. coli C25 was kindly provided by Dr Rodney D. Berg, Louisiana State University, Shreveport, LA, USA.
Translocation of E. coli C25
Mice were decontaminated with streptomycin and bacitracin and subsequently colonized with E. coli C25. The mice were 47 anaesthetized then killed with ether before removal of organs. Blood (0.5 ml) obtained by heart puncture was transferred to 20 ml of tryptic soy broth (TSB:Eiken Co. Ltd, Tokyo, Japan), incubated at 37°C for 48 h, and then subcultured onto MacConkey agar (Eiken) containing 1 mg/ml of streptomycin sulphate. An incision was made with sterile instruments through the skin and peritoneum of the abdomen. Swabs were taken of the exposed viscera and cultured in 10 ml of TSB to detect bacterial contamination of the peritoneum. The mesenteric lymph nodes (MLN) and spleen were removed aseptically, and each was placed in grinding tubes containing 1.0 ml of TSB. The liver was then removed and placed in a grinding tube containing 3.0 ml of TSB. The caecum was removed and placed in a grinding tube containing 9.0 ml of TSB. The organs were weighed and then homogenized with Teflon grinders. Portions (0.2 ml) of each homogenate from these organs were placed on each of 2 MacConkey agar plates containing 1 mg/ ml of streptomycin sulphate. The plates were incubated for 20 h at 37°C. The caecal homogenate was diluted serially in phosphate-buffered saline (PBS)and cultured on MacConkey agar plates containing 1 mg/ml of streptomycin sulphate. The numbers of viable E. coli C25 were determined per gram of organ or per whole organ.
Translocation of indigenous bacteria
Untreated SCID and beige mice aged 1-4 months were tested for spontaneous translocation of indigenous bacteria from the GI tract to various organs. The detection of bacteria in various organs was carried out as reported previously (Ohsugi et al. 1993 ).
Statistics
Data were analysed by the Student's t-test or the X 2 test. Probabilities less than 0.05 were considered significant.
Results
Bacteria were not cultured from the MLN, liver, spleen, blood or peritoneal cavity of untreated SCID or beige mice (data not shown). Thus, spontaneous bacterial translocation from the GI tract in these strains of mice did not occur.
With the exception of the 5 days after inoculation in SCID mice, E. coli C25 colonized the caeca of SCID, beige and control mice at approximately 10 9 to 10 10 per gram during the experiment (Table 1) . Student's t-test showed no significant differences between SCID, beige and control mice in the caecal population of E. coli C25 at any day after inoculation. Table 2 shows the incidence of bacterial translocation in SCID mice colonized with E. coli C25. Although there was no significant difference between SCID and C.BI7-+/+ control mice in the incidence of translocation of E. coli C25 to the MLN and other organs are analysed by the X 2 test, E. coli translocated to the spleen and peritoneal cavity of the ScrD mice at a greater incidence than the controls. By 14 days after E. coli inoculation, SCID mice had cleared E. coli from their liver, spleen and peritoneal cavity. The incidence of bacterial translocation from the GI tract in beige mice is presented in Table 3 . There was no difference in the incidence of translocation of E. coli C25 to the MLN between beige and bg/ + control mice, nor was there any difference in translocation to the spleen, blood or peritoneum. By 7 days, the bg/+ control mice had cleared the E. coli from their liver, spleen, T-cell-mediated immunity inhibited bacterial translocation. We reported previously that spontaneous bacterial translocation from the GI tract did not occur in the scm mouse which lacks functional T and B cells (Ohsugi et al. 1993) . Furthermore, in the present study of untreated SCID and beige mice, spontaneous translocation of endogenous bacteria from GI tract to various organs was not observed (data not shown). Thus, both strains without abnormally high populations of bacteria in the GI tract had normal defence mechanisms against bacterial translocation. 
Discussion
In normal mice with an intact immune system and without abnormally high populations of bacteria in their GI tracts, endogenous bacteria continuously translocate only at very low levels to the MLN and liver, are killed in situ by host defence mechanisms and can not be cultured routinely from these organs IMaejima et al. 1984) . However, bacterial translocation occurred readily in athymic (nu/nul mice and neonatally-thymectomized mice lacking T-cellmediated immunity (Owens &. Berg 1980 , Owens &. Berg 1982 . These nndings indicated that blood and peritoneal cavity but the beige mice had not cleared E. coli C25 from their livers by 14 days after inoculation. The numbers of viable E. coli C25 per MLN were also determined in SCID and beige mice (Fig 1) . E. coli C25 translocation in SCID and bg/+ control mice reached a maximum 5 days after inoculation, and subsequently decreased rapidly. The number in C.B17-+/+ control mice reached its maximum in 5 days but was 4 to 6-fold lower than other mice, and subsequently decreased gradually. However, the number of E. coli translocated in beige mice remained high from 5 days to 14 days after inoculation.
The discrepancy between SCll and athymic nude mice in bacterial translocation may be caused by differences in intestinal flora. Hence, in the present study, mice were decontaminated with oral antibiotics and then colonized with E. coli to obtain an animal model in which E. coli achieved abnormally high caecal population levels and continuously translocated from the GI tract (Maejima et al. 1984) . In decontaminated SCll mice, there was no significant difference in the incidence of translocation of E. coli C25 to the MLN between SCID and C.BI7-+/+ controls but E. coli translocated at a greater incidence to the spleen and peritoneal cavity of SCll mice than in the controls. However, by 14 days after E. coli inoculation, the SCID mice had cleared E. coli from their liver, spleen and peritoneal cavity. As the beige mice were not able to clear E. coli from the liver until after 14 days, these results suggested that defence mechanisms other than T and B cells, i.e. polymorphonuclear leukocyte function or NK activity, are an important component of innate immunity to systemic infection by translocated E. coli from the GI tract. SCID mice were found to have the same resistance to Candida albicans infection as control BALB/c mice (Mahanty et al. 1988 ). However, depletion of polymorphonuclear leukocytes by means of a monoclonal antibody to murine granulocytes enhanced significantly the susceptibility of SCID mice to acute systemic candidiasis. In addition, impairment of phagocytic cell functions with silica or carrageenan also enhanced the susceptibility of SCID mice to Candida albicans infection. These findings indicate that polymorphonuclear leukocyte or macrophage functions play pivotal roles in resistance to systemic candidiasis in the absence of functional T and B cells (Jensen et al. 1993 ). Furthermore, NK cells are important in the early phases of induction of immunity against systemic Salmonella infection ISchafer &. Eisenstein 1992). In the present study, we have indicated that defence mechanisms other than T and B cell function played an important role in the inhibition of Ohsugi et al. translocation of bacteria from the GI tract, but did not determine which immunocytes were involved. It seems that the role of macrophages in bacterial translocation is low, since beige mice, which have normal macrophage function, showed a prolonged period of translocation of bacteria to the liver from the GI tract. Further studies are necessary to determine which immunocytes, i.e. polymorphonuclear leukocytes or NK cells, are associated with the inhibition of bacterial translocation from the GI tract.
